Intracranial teratoma and dermoid cyst in a kitten
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Teratomas are uncommon tumors containing elements that originate from more than one germ-cell layer, are foreign to the organ in which they arise, and show independent growth. 11 They can have mature (well-differentiated) or immature histologic components. 5 They belong to the family of germ-cell tumors, which also includes germinoma, embryonal carcinoma, endodermal sinus tumor, and choriocarcinoma, each of which represents the malignant transformation of an embryonic tissue stage. 5, 7 Teratomas and germcell tumors in general are mostly found in the gonads but sometimes occur in the neck or along the midline of the brain, generally involving the suprasellar, thalamic, or pineal regions. 3, 5, 9 In veterinary medicine, intracranial germ-cell tumors have been reported mostly in dogs 3, 12, 13, 19 but also in the duck, 4 rat, 16 chicken, 8 horse, 10 and rabbit. 2 The affected animals were generally juveniles or young adults.
Dermoid cysts are ectopic duplications of the normal skin, including epidermis and adnexa. 17 Dermoid cysts are rare in animals, mostly encountered in young dogs and cats as subcutaneous or dermic masses located along the dorsal midline, but they have also been reported in the brain. 1, 6 The origin of dermoid cysts remains controversial. Many authors consider these cysts to be developmental anomalies resulting from a failure of the skin to separate from the neural tube during embryogenesis. 6, 17 Others classify them as a type of teratoma in which a single somatic cell layer predominates, and therefore consider them true tumors. 9, 18 This report de-scribes concurrent intracranial teratoma and dermoid cyst in a kitten.
A 4-month-old female Domestic Shorthair cat was presented to the veterinary teaching hospital of the Faculté de Médecine Vétérinaire de l'Université de Montréal with a history of progressive gait abnormalities, visual impairment, depression, and seizures. Hind-limb incoordination had first been noticed when the cat was 3 months old. Visual impairment was noticed later and appeared more pronounced in the right eye. Ten days before presentation, the cat had 8 generalized tonic-clonic seizures over a 24-hour period. Seizures continued to occur with increasing frequency afterwards.
When the kitten arrived, it had facial deformities consisting of bulging frontal bones, a broad face, a depressed nasal bridge, and prognathism. Fontanelles could not be palpated. Neurologic examination revealed depression, tetraparesis, and proprioceptive ataxia in all limbs, more marked in the hind. Spinal reflexes were normal. Postural reactions, especially hopping, were slightly slower in the hind limbs, particularly on the left side. The menace response was absent in the right eye and severely diminished in the left. Pupil size and light response were normal in both eyes. Based on the cat's altered mental state, central blindness, and seizures, a lesion was suspected in the forebrain, bilateral but more severe on the left side. Because forebrain lesions usually do not produce obvious gait abnormalities, brainstem involvement was also suspected, either as a result of compression by the forebrain lesion or due to a second lesion. The cat's abnormal head shape also suggested hydrocephalus; because of the asymmetrical visual loss, hydrocephalus secondary to an obstruction of the ventricular system was more likely than congenital hydrocephalus.
The cat was euthanized at the owners' request. Analysis of a cisternal cerebrospinal fluid sample collected immediately after death revealed an increased protein concentration (0.56 g/liter; reference value, Յ 0.36 g/liter) and an elevated leukocyte count (0.011 ϫ 10 9 /liter; reference value Յ 0.002 ϫ 10 9 /liter) with a predominance of large monocytoid cells (75%) and a slightly increased proportion (17%) of large, foamy, mononuclear cells (macrophages). 14, 15 Necropsy findings included a severe symmetrical internal hydrocephalus with atrophy of the neopallium and basal nuclei and a marked compression of the diencephalon and rostral midbrain. Two masses were present in the left ventral forebrain, protruding into the expanded left lateral ventricle ( Fig. 1) . One mass was 8 mm in diameter, well demarcated, and located at the ventromedial aspect of the left frontal lobe, rostral to the optic chiasma, which it slightly compressed. On cut section, the mass was thin-walled, cystic, and filled with brown hair.
Microscopically, this mass was encapsulated and expansile, compressing the adjacent neuropil of the frontal lobe. This mass had a central cystic area filled with hair, keratin, and small amounts of proteinaceous material (Fig. 2) . The inner lining of the cyst was keratinized, stratified, squamous epithelium surrounded by dense collagenous tissue containing dermal adnexa (sebaceous glands, apocrine glands, and hair follicles) and occasional clusters of adipocytes. Multiple layers of adipocytes and a thin layer of striated muscle formed the outer part of the cyst.
The other mass was 1 cm in diameter and was located in the left side of the thalamus and hypothalamus, adjacent to the pituitary stalk and immediately caudal to the first mass ( Fig. 1) . It was less demarcated and more invasive than the other mass, and markedly compressed the third ventricle. Grossly, it was mottled tan and grey and multilobulated, with small cysts filled with clear fluid in its ventral portion.
Microscopically, this mass was unencapsulated and infiltrated the thalamus and hypothalamus. It was primarily composed of adipocytes grouped in lobules surrounded by a dense collagenous stroma. Clusters of striated muscle cells and melanocytes were present multifocally throughout the adipose and fibrous tissues (Fig. 3) . On the ventral aspect of the mass, there were multiple and variably dilated tubules lined by a cuboidal to columnar to pseudostratified epithelium containing goblet cells. Some epithelial cells were ciliated and others had microvilli arranged in a striated border. Exocrine pancreatic cells forming acini were also present in some parts of the mass (Fig. 4 ). There was mild inflammation in the surrounding thalamus, characterized by minimal numbers of neutrophils, lymphocytes, plasma cells, and Gitter cells. Mild gliosis and discrete neuronal degeneration were also observed. Axons throughout the white matter of the mesencephalon, medulla oblongata, and spinal cord were undergoing Wallerian degeneration. The first cerebral mass was diagnosed as a dermoid cyst, while the other mass corresponded to the characteristics of a teratoma with mature histologic components.
Teratomas represent a well-differentiated type of germcell tumor arising from 2 or 3 embryonic germ-cell layers and generally involving the gonads. 5 Dermoid cysts are considered congenital defects and sometimes as a type of teratoma. 6, 9, 17, 18 Because of their congenital nature, intracranial teratomas and dermoid cysts affect mostly young humans and animals. 2, 5, 8, 16 In dogs, teratomas are mostly diagnosed in young adult to middle-aged animals (3-5 years old). 18 This may reflect a slower growth of the tumor in that species.
Intracranial germ-cell tumors and teratomas generally occur along the brain midline. 5 The present case involved the ventral medial forebrain, especially the thalamic region. Two theories may explain both the pathogenesis and localization of these tumors. The first states that teratomas arise from misplaced parts of embryological organs or structures. 7 During embryogenesis of the head, neurectoderm (at the level of the hypothalamus and pituitary gland) comes in close contact with stomodeal ectoderm (Rathke's pouch). In its migration, the ectoderm could carry to the base of the cerebrum remnants of endoderm (from the buccopharyngeal membrane) and mesoderm (from the area of development of the heart). 7 An alternative theory proposes that intracranial teratomas and germ-cell tumors in general originate from germ cells that become sequestered in the cranium during their migration in the embryo. 4 Extragonadal germ cells normally disappear in fetuses older than 60 days. 5 Previous reports suggest that germ-cell migration coincides with hypothalamic development (35-38 days in humans) and that local factors in the hypothalamus may favor the survival and enhance the proliferation of these cells. 5 It was noted that gonadotrophins could act as promoting factors for these tumors, and germcell tumors often arise in or close to the diencephalic regulation centers of gonadotrophic activity.
The pathogenesis of intracranial dermoid cysts remains obscure. The particular location of some of these cysts at the base of the cerebrum could indicate that they arise from remnants of Rathke's pouch, in a similar mechanism to the theory explaining the formation of teratomas. 9 A failure of surface ectoderm to separate from the neural tube may also be a factor, as a problem in closure of the anterior neuropore could allow ectodermal remnants to be trapped in the frontal lobes. 20 A study on the location and pathogenesis of intracranial dermoid and epidermoid cysts has shown that cysts located close to the hypophysis and possibly associated with Rathke's pouch formation are more likely epidermoid, whereas cysts found in the frontal lobe are mostly dermoid. 20 In our opinion, the nature and location of this dermoid cyst in the kitten's frontal lobe support the hypothesis that a defective closure of the anterior neuropore was involved in its formation.
